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INTRODUCTION 


During  the  ADS  meeting  of  March  16,  1977  it  was  decided  to 
produce  a NORPAX  ADS  program  data  report  for  trimonthly  periods 
roughly  corresponding  to  seasons. 


i 

j 
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This  is  the  first  issue  of  that  data  report,  and  contains 
contour  maps  of  monthly  raeaned;  FNWC  air  temperature,  sea 
temperature,  wind  speed,  wind  direction,  surface  vapor  pressure, 

and  700  mb  heights;  NORPAX  calculated  wind  stress,  wind  stress 

iJi  c u Ic  I cf 

curl,  wind  shear  velocity  cubed  (U^  ),  sensible  heat  flux, 

latent  heat  flux;  objectively  analyzed  TRANSPAC  temperatures  at 
discrete  depths  from  White  and  Bernstein  (SIO).  This  report  also 
contains  monthly  drifter  buoy  displacement  vectors  from  Kirwan 
(TAMU)  and  McNally  (SIO).^ 


Because  of  extensive  back  dating  in  this  first  report,  the 
time  period  from  June,  1 976  to  February,  1977  will  be  covered. 

j 

PROCEDURE  AND  ANALYSIS 

1.  FNWC  63  X 63  Northern  Hemispheric  Fields 

FNWC  data  were  taken  from  63  x 63  polar  gridded  fields  of  6- 
hourly  wind  speed  and  direction,  and  1 2-hourly  700  mb  height,  sea 
surface  temperature,  air  temperature,  and  vapor  pressure. 
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33  X 63  fields  were  extracted  from  the  larger  fields;  geographic  * 

coverage  of  a 33  x 63  field  is  shown  in  Figure  1.  1 0-m  level 

3 

winds  and  were  calculated  from  FNWC  winds  by  an  iterative 

scheme  using  the  neutral  flux-profile  relationships  obtained  by 
Businger  et  al.  (1971).  Wind  stress  was  calculated  from  FNWC 
wind  speed  and  direction  using  a bulk  aerodynamic  equation: 

X - ^ ^ 


where 

X * surface  stress 
uU  « Reynolds  stress,  (m^'sec*^) 

^ • air  density 

• wind  speed  at  10  m 

I Cp  “.1.3  X 1 5^  (drag  coefficient  found  by 

^ Smith  and  Banke  (1975)  for 

U,^  “ 10  m/sec). 

w 

The  vertical  component  of  wind  stress  curl  was  calculated  on 
, the  FNWC  northern  hemispheric  grid  using  polar  projection  mapping 

equations  and  finite  difference  approximations  (Appendix  A). 


Sensible  heat  flux  (cal/cm  sec)  was  obtained  using  an 
empirical  bulk  formula  (Friehe  and  Schmitt,  1976): 


I 

S.M.F.  • 'lO-*  u CT,-t»)j 


(2) 


where , 


2 


Cp  • 0.24  cal/gin’C 
Cn  » 0.91  X 10"’ 

Tf  = sea  surface  temperature 
= JO  meter^  air  temperature 

The  latent  heat  flux  ( cal/cni^sec ) was  also  calculated  from  a 
bulk  formula  (Friehe  and  Schmitt,  1976); 

U.H.F.  • L • Cg  • U,o  - fpSKA  *"  q]  (3) 


L • 595  cal/gm  (heat  of  evaporation) 

C£  - 1.32  X 1 o’* 

Q - 0.75|eAIR  (gm.m’*  ) = FNWC  vapor 

] 


pressure 

vapor  density  near  the  sea  surface 

[TS  + 2 73J 


'SSA 

•=  1 . 6 6 7 X 1 o' 


’’ j^^l  7.  1 91  (tS  + 2 73)^2  73  IJ. 


Stress,  stress-curl  and  1^  fields  were  calculated  at  OOz , 
06z,  1 2z , 1 8z  GMT;  heat  fluxes  were  calculated  for  OOz  and  1 2z 
GMT  every  day.  These  calculated  fields  were  then  averaged  to 
obtain  daily,  3-daily,  and  monthly  means.  North  and  east-wind 
components  were  meaned  to  obtain  daily,  5-daily,  and  monthly 
vector  means  of  wind  speed  and  direction.  Monthly  means  were 
contoured  over  the  region  of  the  North  Pacific  from  1 20B  to  230F 
and  20N  to  60N.  These  contour  maps  are  grouped  by  month  in  the 
present  report  in  Figures  2.1-2.11,  4.1-4.11,  7.1-7.11, 
10.1-10.11,  13.1-13.11,  16.1-16.11,  19.1-19.11,  22.1-22.11,  snd 
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24. 1 -24.  1 1 


2.  Objectively  Analyzed  Transpac  XBT 

XBTs  have  been  regularly  dropped  from  ships  of  opportunity 
in  the  Pacific  since  1974.  Recovered  temperature  profile  data 
have  been  analyzed  at  Scripps  by  Bernstein  and  White  and 
temperature  residuals  from  their  1968  to  1974  climatology 
calculated.  These  temperature  anomalies  were  contoured  for  0, 

60,  120,  200,  300  and  400  meter  depths,  by  month,  in  Figures 

3. 1- 3.6,  5. 1-5.6,  8. 1-8. 6,  11.1-11.6,  14.1-14.6,  17.1-17.6, 

20.1- 20.6,  23.1-23.6,  and  25.1-25.6. 

3.  Ki rwan/ Me Na 1 ly  Buoys 

Several  buoys  d rogued  at  35  meters  were  deployed  in  the 

Nortli  Pacific  ADS  area  from  June,  1 976  to  the  present.  Because 

of  attrition  of  old  buoys  and  addition  of  new  buoys,  the  number 

at  any  time  varied  from  12  to  26.  Satellite  fixes  were  obtained 

» 

on  each  buoy  several  times  a day;  although  the  analyses  of  these 
data  were  not  complete,  monthly  instantaneous  buoy  positions  were 
available  up  to  December,  1976.  Monthly  buoy  displacement 
vectors  have  been  plotted  in  Figures  6.,  9.,  12.,  15.,  18.,  and 
21.  Because  the  buoys  were  deployed  in  June,  1976,  there  are  no 
buoy  displacement  data  for  that  month. 
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FIGURE  1.  33  X 63  field  geographic  coverage.  The  area  of 

the  ADS  contour  maps  is  as  indicated.  This 
map  is  a polar  projection  of  the  northern  hemis- 
phere. 
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FIGURE  2.  5 Monthly  wind  •hear  atraaa  »alocity  cubed.  U»’  ta  the  mean  of  6-hourly  wind 

•hear  etreaa  velocity  cubed  calculated  from  wind  apeed  at  10  metcri.  Contour 
intcrvala  are  0.  0 f (m/aoc)^. 


5£A  SURFACE  TEMPERATURE  (DEG.C)  JUN  76 


FIGURE  2.6 


Monthly  monn  •••  ourfftco  Umporntaro^lo  th«  m«nn  of  U*hourly  FNWC  ton  •urfncc 
tompornturof.  Contonr  lotorvnln  nro  1 C. 
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LATITUDE  INI  LATITUDE  IN) 


VAPOR  PRESSURE  (VB)  JUN  76 


LONGITUDE  (E) 

FIGURE  2.  9 Monthly  mean  vapor  pratiurt  la  the  itiean  ot  t2-hourly  FNWC  vapor  prcaaurc 

at  19.  S matera.  Contoor  tntarvala  aro  1 mb. 


SENSIBLE  HEAT  FLUX  II0**“4  CAL/CM**2  SEC)  JUS  16 


nOUliB  1. 1#  MoflUilf  RMM  iMftt  flwi  <oc««fi  to  Atmo«pk«r«)  li  th«  m««A  ot  U-hourljr 

MMIM*  iMSt  ftaB  from  FNWC  oir  omd  tvmpcrotur*  oad  wUid  uolng  o 

Mk  formolOa  UolUnM  of  tore  hoot  fhm  or#  ^lotU4  hoovllf.  and  contoor  Intoroolo 
oro  lo9s  10*^  col/cm*  ooc. 


lalies  (*C)  contoured  at  fixed  depths.  Negative 
ed  and  isolines  of  zero  anomaly  are  drawn 
k the  positions  of  the  TRANSPAC  XBT  drops. 
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Moothly  mmmn  •arf«c«  v^or  prsiaur*  U th«  in««n  of  IZ-hoorly  FNWC  Yopor 
proofuro  ot  If*  9 motor#.  Contour  Intorrolo  art  2 mb 
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FIGURE  6.  Monthly  buoy  displacement  vectors.  Vectors  are 

drawn  from  start  point  at  beginning  of  month  to 
terminal  point  at  end  of  month. 
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FIGURE  7.  1 


LONGITUDE  (E) 


Ab«olut«  Tftluc  of  monthly  m«nn  Tnctor  wind  vnlocitle*  nt  19-  S mctcrt 
Contour  Intarrala  nro  1 
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riCURC  1.1  Direction  crrow*  r<pr«(«Mln«  dkrtctioM  of  moolhlf  imob  wta*  OBCter*  ol  H. » 
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FIGURE  7.  5 Monthly  m«nn  wind  nhcnr  ttrcnt  velocity  cobnd.  !•  th*  mnna  of  6>boorly  wind 
•honr  ttroat  Tcloclty  cubod  cotculotod  Irom  wind  opoad  nt  10  motor*.  Coatoor 
IntorroU  or*  0.  0|(m/o*c)^. 


SEA  SURFACE  TEMPERATURE  (DEG.C)  AUG  76 


Moothty  moon  non  oorfnc*  tomporotnro  to  tho  moon  of  12-honrly  FKWC  ooo  onrloco 
tomporotoroo.  Cootoor  latonrolo  nro  1*C. 
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Mealhly  rmm  earfac*  vapor  pr«»«ur«  l«  th«  moan  of  12>hoarly  PNWC  vapor 
proaoaro  at  19.  S motoro.  Contour  latorvaU  aro  1 mb. 
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UMGirUDC  (E) 


Monthly  moan  aoaatblo  hoot  flioi  (oeoao  to  atmoophoral  U tho  moan  of  12*liourly 
•oaoibU  boat  flus  caloulatod  from  PNWC  air  aa4  ooa  tomporaturo  and  wind  uolng 
a b’Uk  formula.  Uollnoo  of  aoro  hoot  fliai  aro  plottod  hoavlly,  and  contour 
inlorvalo  aro  1. 9 ■ 10*^  cal/cm^  •#«. 
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LATENT  HEAT  FLUX  ( 10**-3  CAL/CM--2  SEC) 


AUG  76 


riGURS  7.  tl  Mpathly  flMfta  Uteni  K«M  flmi  (oc«mi  to  U th«  rmaa  of  I2>boorty 

UUot  boat  flus  calftolf  4 from  FNWC  •••  lomporotiiro.  vapor  prtatoro  ai. ' 
wtad  aaiaf  a bulk  formula.  laoUaoa  of  aoro  boat  flus  art  plottod  boavtly,  oad 
coatour  latorvala  aro  0.5  s 10*^  eal/cm*  aoc. 
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Monthly  temperature  anomalies  (*C)  contoured  at  fixed  depths.  Negative 
anomaly  areas  are  hatchured  and  isolines  of  zero  anomaly  are  drawn 
heavily.  The  crosses  mark  the  positions  of  the  TRANSPAC  XBT  drops. 
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FIGURE  9. 


Monthly  buoy  displacement  vectors.  Vectors  are 
drawn  from  start  point  at  beginning  of  month  to 
terminal  point  at  end  of  month. 
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riGl/RC  10.  3 Moathlf  m*«s  wiad  9tf»B  U the  in«aii  of  (-hourly  wind  otroor  nt  10  motoro 
enlcttlntod  from  rKWC  wind  dnU.  Coafteur  intorvnU  nro  0.2  dynoa/cm  . 
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FIGURE  12.  Monthly  buoy  displacement  vectors.  Vectors  are 

drawn  from  start  point  at  beginning  of  month  to 
terminal  point  at  end  of  month. 
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FIGURE  15.  5 Moothly  in«u  wlad  it  tht  mtaa  of  6*hourly  wind  etrott  ot  10  motor* 

eolcoUtod  from  FNWC  wind  dots.  Ceatour  iatoroolt  oro  0.2  dyaot/cm^. 
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Monthly  temperature  anomalies  (*C)  contoured  at  fixed  depths.  Negative 
anomaly  areas  are  hatchured  and  isolines  of  zero  anomaly  arc  drawn 
heavily.  The  crosses  mark  the  positions  of  the  TRANSPAC  XRT  drops. 
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FIGURE  15. 


Monthly  buoy  displacement  vectors.  Vectors  are 
drawn  from  start  point  at  beginning  of  month  to 
terminal  point  at  end  of  month. 
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Monthly  mana  wind  atraai  la  tha  maan  of  6<hourly  wind  atraaa  at  10  matara 
ealeulatad  from  FNWC  wind  data.  Contour  Intaraala  ara  0.2  dynaa/cm*. 
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Th«  v«rtle«l  compoa«nt  of  monthly  mono  wind  otrooi  cnrl  U Ao  moM  nf  i-heorlf 
wind  ttroit  curl  opproslmntod  by  finUo*dill«ron€o«  from  4-lio«rly  wtai  ttrotnot  a 
10  motara.  Xaolinaa.ef  saro  cnrl  ara  plottad  baaally.  aad  cooftmar  bMarrUi  ara 


10  matara.  Xaolinaa  a 
4. Os  10*^  dyaaa/cm^. 
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FCURE  16.7  Moathly  m«aA  Air  tamparatur*  t«  th«  m«aa  of  12-hourly  FNWC  air  Umporatoroa. 
Contour  intarraU  ara  2*C. 
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FIGURE  16.  9 Monthly  moan  ■urfac*  vapor  praetur*  la  tb«  maan  of  12>hourly  FNWC  vapor 
praaaura  at  19*5  matara.  Contour  (ntarvala  ara  1 mb. 
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FIGURE  16*  10  Monthly  maan  aanalbla  haat  flux  (ocaan  to  atmoaphara)  la  tha  maan  of  IS-hourly 
aanalbla  haat  flux  calculatad  from  FNWC  air  aii4  aaa  tamparatura  aad  wia4  ualng 
a bulk  formula,  laollnai  of  naro  haat  flux  ara  plattad  haavlly.  aad  contour 
intarvala  ara  1*0  s 10*^  cal/em*  aac. 
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FIGURE  16. 11  Monthljr  in«fta  latent  h«at  flost  <oc«aa  to  atmeophoro)  la  the  mean  of  IZ-hourly 
latent  heat  flus  calcolatad  from  FNWC  tea  temperature,  vapor  praeeure  aa 
wind  ualnf  a bulk  formula.  leoUnee  of  aero  heat  flua  are  plotted  heavily,  and 
contour  Intervale  are  0.  5 a 10*^  eal/cm^  ecc. 
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Monthly  temperature  anomalies  (*C)  contoured  at  fixed  depths.  Negative 
anomaly  areas  are  hatchured  and  isolines  of  zero  anomaly  are  drawn 
heavily.  The  crosses  mark  the  positions  of  the  TRANSPAC  XBT  drops. 
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FIGURE  18.  Monthly  buoy  displacement  vectors.  Vectors  are 

drawn  from  start  point  at  beginning  of  month  to 
terminal  point  at  end  of  month. 
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FIGURE  19.3  Monthly  m«4n  wind  ttrett  !•  the  mean  of  6*hourly  wind  etreie  at  10  me^ere 
calculated  from  FNWC  wind  data.  Contour  intervale  are  0.2  dynee/cm  . 
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FIGURE  19.  4 
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The  vertical  component  of  monthly  mean  wind  etreee  rurl  le  the  mean  of  &>hourly 
wind  etreee  curl  approximated  by  finite-difference*  from  o*>hourly  wind  etreeeee  at 
10  meter^  leolinee^f  zero  curl  are  plott  *d  heavily,  and  contour  intervale  are 
4.  0 X lO"^  dynee/cm  . 
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FIGURE  19*7  Monthly  mean  air  temperature  it  the  mean  of  12>hourly  FNWC  air  temperaturee. 
Contour  intervale  are  2^C. 
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FIGURE  20  Monthly  temperature  anomalies  (*C)  contoured  at  fixed  depths.  Negative 
anomaly  areas  are  hatchured  and  isolines  of  zero  anomaly  are  drawn 
heavily.  The  crosses  mark  the  positions  of  the  TRANSf’AC  XBT  drops. 
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FIGURE  21. 


Monthly  buoy  displacement  vectors.  Vectors  are 
drawn  from  start  point  at  beginning  of  month  to 
terminal  point  at  end  of  month. 
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FIGURE  22.1  Abtolut*  value  of  monthly  mean  vector  wind  velocltiee  at  19.  5 metere. 
Contour  IntervaU  are  1 m/eec. 
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FIGURE  22.2 


Direction  arrow#  repreeenting  directione  of  monthly  mean  wind  vectoro  at  19.9 
metere.  Vanee  on  arrowe  indicate  wind  speed  in  knote.  If  epeed  io  leee  than 
2,  5 knote,  there  ie  no  vane;  for  every  5 knote  above  2.  5 knate.  1/2  vane  ie 
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shear  strese  velocity  rube<^  calculated  from  wind  apeed  at  10  meters  Contour 
intervals  are  0.  Of  (m/sec)  ■ 
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FIGURE  22.6 


Monthly  mean  sea  surface  temperature  is  the  mean  of  12-hourly  FNWC  sea  surface 
temperatures.  Contour  Intervals  are  I C. 
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FIGURE  22.  Y Monthly  mean  air  temperature  ia  the  mean  of  12-hoarly  FNWC  air  temperaturea. 
Contour  InterTala  are  2 C. 
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Moothly  riMAn  turfftc#  t«mp»rature  !•  the  mean  of  12->hourly  FNWC  t«a  aurface 
tamparataraa.  Contour  intaraala  art  l^C. 
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FIGURE  25.  Monthly  temperature  anomalies  (*C)  contoured  at  fixed  depths.  Negativ 
anomaly  areas  are  hatchured  and  isolines  of  zero  anomaly  are  drawn 
heavily.  The  crosses  mark  the  positions  of  the  TRANSPAC  XBT  drops. 


APPENDIX  A 


The  vertical  component  of  wind  stress  curl, 


r' i ra 


J-  ( 

r \ cao^de 


J) 


was  calculated  on  the  FMWC  polar  grid  using  the  chain  rule  and 
differentiating  the  polar  projection  mapping  equations, 


<1^  ‘(St) 


where 


= north-south  component  of  wind  stress 
= east-west  component  of  wind  stress 

^ = latitude 

0 = longitude 

f“  = earth  radius 

^ = horizontal  axis  of  rectilinear 

grid  on  a polar  projection 
in  Figure  1 

17  “ vertical  axis  of  grid  in  Figure  1. 


Finite  difference  expressions  for  equation  (1)  were; 


* The  factors  in  this  equation,  33  and  31.205,  are  specific  to  FNWC's 
63  X 63  grid. 


1^ ^ t 


where 


i = 0,...62;  discrete  values  of  ^ 
j = 0,...52;  discrete  values  of  . 

When  equations  (3a)  and  (3b)  were  substituted  into  equations 
(2a)  and  (2b),  a finite  difference  expression  for  the  vertical 
component  of  wind  stress  curl  was  obtained: 
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INTRODUCTION 

During  the  ADS  meeting  of  March  16,  1977  it  was  decided  to 
produce  a NORPAX  ADS  program  data  report  for  trimonthly  periods 
roughly  corresponding  to  seasons* 


This  is  the  first  issue  of  that  data  report,  and  contains 
contour  maps  of  monthly  meaned;  FNWC  air  temperature,  sea 
temperature,  wind  speed,  wind  direction,  surface  vapor  pressure, 

and  700  mb  heights;  NORPAX  calculated  wind  stress,  wind  stress 

c u k?  t 

curl,  wind  shear  velocity  cubed  (U^  ),  sensible  heat  flux, 

latent  heat  flux;  objectively  analyzed  TRANSPAC  temperatures  at 
discrete  depths  from  White  and  Bernstein  (SIO).  This  report  also 
contains  monthly  drifter  buoy  displacement  vectors  from  Kirwan 
(TAMU)  and  McNally  (SIO).^A^ 


Because  of  extensive  back  dating  in  this  first  report,  the 
time  period  from  June,  1 976  to  February,  1 977  will  be  covered. 


$ 

PROCEDURE  AND  ANALYSIS 


1.  FNWC  63  X 63  Northern  Hemispheric  Fields 

FNWC  data  were  taken  from  63  x 63  polar  gridded  fields  of  6- 
hourly  wind  speed  and  direction,  and  1 2-hourly  700  mb  height,  eea 
surface  temperature,  air  temperature,  and  vapor  pressure. 

1 


53  X 63  fields  were  extracted  from  the  larger  fields;  geographic 
coverage  of  a 33  x 63  field  is  shown  in  Figure  1.  1 0-m  level 

winds  and  % were  calculated  from  FNWC  winds  by  an  iterative 
scheme  using  the  neutral  flux-profile  relationships  obtained  by 
Businger  et  al.  (1971).  Wind  stress  was  calculated  from  FNWC 
wind  speed  and  direction  using  a bulk  aerodynamic  equation: 


(1  ) 


where 


X * surface  stress 
Crcr  » Reynolds  stress,  (m^secT^) 

^ “ air  density 

Uie  “ wind  speed  at  10  m 

Cp  “,1.3  X 10*^  (drag  coefficient  found  by 

Smith  and  Banke  (1975)  for 
“ 10  m/sec). 


The  vertical  component  of  wind  stress  curl  was  calculated  on 
the  FNWC  northern  hemispheric  grid  using  polar  projection  mapping 
equations  and  finite  difference  approximations  (Appendix  A). 


Sensible  heat  flux  (cal/cm  sec)  was  obtained  using  an 
empirical  bulk  formula  (Friehe  and  Schmitt,  1976): 


I 

8.M.r.  • y.C,['o.i«IO-*4  C«  Ci'T*)] 


(2) 


where , 


2 


T 


Cp  » 0.24  cal/gm*C 
Cw  » 0.91  X 10"’ 

= sea  surface  temperature 
= IJO  meter)  air  temperature 

The  latent  heat  flux  (cal/cm^sec)  was  also  calculated  from  a 
bulk  formula  (Friehe  and  Schmitt,  1976): 

L.H.F.  « L • Cg  • U|o  ■ " q]  (5) 


L “ 595  cal/gm  (heat  of  evaporation) 

Cg  - 1.32  X 10”* 

0.75|eAIR  {gm»m^)  = FMWC  vapor 


pressure 


Q 


] 


SfA 


vapor  density  near  the  sea  surface 


1 . 667  X 10 


‘^^g1  7.  1 91  (tS  + 2 73)'2  73l|. 


Stress,  stress-curl  and  fields  were  calculated  at  OOz , 

06z , 1 2z , 1 8z  GMT;  heat  fluxes  were  calculated  for  OOz  and  1 2z 
GMT  every  day.  These  calculated  fields  were  then  averaged  to 
obtain  daily,  5-daily,  and  monthly  means.  North  and  east-wind 
components  were  meaned  to  obtain  daily,  5-daily,  and  monthly 
vector  means  of  wind  speed  and  direction.  Monthly  means  were 
contoured  over  the  region  of  the  North  Pacific  from  1 20E  to  230E 
and  20N  to  60N . These  contour  maps  are  grouped  by  month  in  the 
present  report  in  Figures  2.1-2.11,  4.1-4.11,  7.1-7.11, 

10.1-10.11,  13.1-13.11,  16.1-16.11,  19.1-19.11,  22.1-22.11,  and 
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T 


24.1  -24.  1 1 . 


2.  Objectively  Analyzed  Transpac  XBT 

XBTs  have  been  regularly  dropped  from  ships  of  opportunity 
in  the  Pacific  since  1974.  Recovered  temperature  profile  data 
have  been  analyzed  at  Scripps  by  Bernstein  and  White  and 
temperature  residuals  from  their  1968  to  1974  climatology 
calculated.  These  temperature  anomalies  were  contoured  for  0, 

60,  120,  200,  300  and  400  meter  depths,  by  month,  in  Figures 

3. 1-3.6,  5. 1-5.6,  8. 1-8. 6,  11.1-11.6,  14.1-14.6,  17.1-17.6, 

20.1-20.6,  23.1-23.6,  and  25.1-25.6. 

3.  Ki rwan/ Me Na 1 ly  Buoys 

Several  buoys  drogued  at  35  meters  were  deployed  in  the 
North  Pacific  ADS  area  from  June,  1976  to  the  present.  Because 
of  attrition  of  old  buoys  and  addition  of  new  buoys,  the  number 
at  any  time  varied  from  12  to  26.  Satellite  fixes  were  obtained 
on  each  buoy  several  times  a day;  although  the  analyses  of  these 

data  were  not  complete,  monthly  instantaneous  buoy  positions  were  | 

available  up  to  December,  1976.  Monthly  buoy  displacement  ' 

vectors  have  been  plotted  in  Figures  6.,  9.,  12.,  1 5. , 18.,  and 
21.  Because  the  buoys  were  deployed  in  June,  1976,  there  are  no 
buoy  displacement  data  for  that  month. 
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FIGURE  1.  33  X 63  field  geographic  coverage.  The  area  of 

the  ADS  contour  maps  is  as  indicated.  This 
map  is  a polar  projection  of  the  northern  hemis- 
phere. 
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FIGURE  2.S  Meathly  m«aa  wind  ntretn  U th«  menn  of  6-hourly  wind  ttreft  nt  10  nnetcra 
cnlcointod  from  FNWC  wIimI  dnto.  Contou..  Intervnlo  ore  0.2  dynea/cm^ 
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Tho  vortlcnl  componont  of  monthly  moon  wind  atroaa  carl  la  tho  moon  of  4-ho«rly 
wind  atroaa  carl  npproBlmntod  by  flnlto*dlfferoacoa  from  6-hoarty  wind  otrooaoa  i 
10  motora.  laollnoa  of  soro  curl  aro  plottod  honvlly,  and  contourlntoranla  art 
4.  Os  10*^  dynoa/cm^. 
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nGURE  2.4 
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FIGURE  2.  7 Monthly  mow  nlr  umpornlur,  i.  the  nte.n  of  12-hourly  FNWC  .ir  temperntur... 
Contour  lat«rvft)i  nr«  Z C. 
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riCURE  Z.  9 Monthly  menn  oarlnc*  *«pof  ^rcatur*  la  tha  itiaan  ol  U-hoiirly  FNWC  anyor  praaaura 
at  19.  S matara.  Contaar  tataraaU  aaa  I mb. 
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FIGURE  4.  5 


Moothljr  m«w  wiad  U th«  m«att  of  *-li«orl]r  wind  itrct*  al  !•  mmn 

ealeoladad  ttom  FNWC  wind  data.  Coatour  Intarrala  ara  0. Z dyaaa/cm^. 
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Th«  T«rtlc*l  eompeaaBt  ol  monUily  maw  wind  atrcM  ««rl  !•  tk«  mau  W i>ho«rl|r 
wind  alraaa  curl  appraalmatad  kp  (Intla-dllfaraBaaa  fram  t-ka<trly  wlad  atraataa  a 
10  matara.  laoUnaa  al  aaro  earl  ara  ploMad  haaalhr.  aad  aaatoar  latarrala  ara 
4.0sie**dTaaa/enn’. 
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FIGURE  4.  9 MoaHitir  RMaa  wind  shnar  atrati  velocity  cab«4.  U*^  U tbo  moon  of  4-lM«rly  wind 
ehoar  otrooe  velocity  cubed  calculated  from  wind  apeed  at  10  motera.  Contour 
Intervala  are  0.0|  (m/aec)^. 
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Mopthly  RMAA  •arf*c«  vapor  proiaor*  It  tht  mtan  of  12-hoorly  FNWC  vapor 
prattara  al  19.  S matart.  Contour  Inlarvalt  ara  1 mb 
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Monthly  maan  tanalbla  haat  flaa  (ocaan  to  atmoaphara)  la  tha  maM  of  ll*kaorly 
aanalbla  haat  fliai  calculator  from  FNWC  air  anT  aaa  tamparatora  aoi  vtai  ualag 

a bulk  formola.  laolloaa  of  saro  haat  fluB  ara  plotter  haavlly.  aoT  aaolaor 
iolarvala  ara  1.9  ■ 10**  cal/cm^ 
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FIGURE  4. 11  Monthly  moan  latoat  hoot  flwi  (ocoaa  to  atmoaphoro)  la  lha  mean  of  12>hourly 
latont  haat  flua  calculatod  from  FKWC  aaa  tomparatora.  vapor  praaaura  an 
wind  ualng  a balk  fortnoU.  laollaaa  of  aoro  boat  fka  are  plotted  heavily,  and 
coaloar  latorvala  are  0. 5 s 10*^  c^l/cm^  aae* 
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FIGURE  5.  Monthly  tennperature  anomalies  (*C)  contoured  at  fixed  depths.  Negative 

anomaly  areas  are  hatchured  and  isolines  of  zero  anomaly  are  drawn 
heavily.  The  crosses  mark  the  positions  of  the  TRANSPAC  XBT  drops. 
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FIGURE  6.  Monthly  buoy  displacement  vectors.  Vectors  are 

drawn  from  start  point  at  beginning  of  month  to 
terminal  point  at  end  of  month. 
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FIGURE  7. 4 
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SEA  SURFACE  TEMPERATURE  (DEG.C)  AUG  76 


riOURC  7.6  Moathlf  m««a  torfftc*  t«mp«r4itar«  1«  ivMaB  o/  ll-bourly  TNWC  •••  «iirl«c« 
Ump^ratara*.  Contour  Imtorrmir  oro  1*C. 
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Moathly  m«M  DurfAC*  vapor  prataur*  la  tha  maan  of  12*boarly  FNWC  vapor 
praaaara  at  19.  S matara.  Contoor  IstarvaU  ara  1 mb. 
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Monthly  mou  oonoiblo  hoot  fluB  (ocou  to  otmoorhoro)  lo  th.  moon  of  U-hourly 
ooaoiblo  hoot  n«  colcnlotoO  from  FNWC  air  anO  aao  tamparotnro  oad  wlaO  uaing 
o b'dk  termoU.  UoUmo  of  aoto  boot  n<K  oco  ylotud  haovtly.  oa4  coMoor 
latarvola  ooo  1. 0 b 10**  cal/em*  aac. 
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FIGURE  7.  U Moalhly  omm  UUbI  hmt  tUm  {0€9%»  to  otmoopbora)  U tho  mooo  of  U-koorly 
Utoot  koot  Ahb  cilciiltod  from  FNWC  too  tom^roturo.  vofor  prtrtoro  m.  ' 
wiod  utiag  o kolk  formula,  laollaoo  of  aoro  koat  flus  aro  plottod  hoavUy.  and 
coBtour  latorrala  aro  0.  S m 10*^  cal/cm*  aoc. 
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FIGURE  9. 


Monthly  buoy  displacennent  vectors.  Vectors  are 
drawn  from  start  point  at  beginning  of  month  to 
terminal  point  at  end  of  month. 
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riCURC  10.  3 MoMhly  m«Mi  wiai  U th«  m«afi  of  6-hottrly  wlad  •!  10  m«Ur« 

calculated  from  FNWC  wind  data.  Ceatour  iatorvalc  arc  0.2  dfoac/cm*. 
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FnURE  10. 4 The  oortleal  oemj^oaaat  of  moalbly  moan  wiad  Mroao  earl  le  Hie  OMaa  of  O-hoorlf 
wiad  etreee  earl  a^revimated  hf  flalte-dllfereMee  from  4-lioarlf  viad  etroeeee  at 
10  metare.  leoliaea.of  aero  carl  are  iMvUr*  4*0  eeataor  iateroala  are 

d.OslO'^dyaea/em’. 
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FIGURE  10.  9 Moatbly  m«an  aorfaca  vapor  prtaaura  la  tha  maaa  of  12>hourly  FNWC  vapor 
praaaura  at  H.  5 matara.  Contour  Intarrala  ara  1 mb. 
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Monthly  maan  a*  •sla  haat  flaa  (ocaan  to  atmoapharal  ia  tha  maan  of  tt^hourly 
aanalbla  haat  flu^  caleotataO  from  mwc  air  and  aaa  tamparatnra  and  wind  uali^ 
a bulk  formula,  laollnaa  af  aaro  haat  fltm  ara  plottad  haavlly.  and  canNnr 
iatarvala  ara  1.0  a 10*^  cal/cm*  aaa. 
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FIGURE  12. 


Monthly  buoy  displacement  vectors.  Vectors  are 
drawn  from  start  point  at  beginning  of  month  to 
terminal  point  at  end  of  month. 
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FIGURE  13.  3 Monthly  moon  wind  otroao  la  tha  moan  o£  6-hourly  wind  atraaa  at  10  maUrt 
ealculatad  from  FNWC  wind  data.  Contour  Intarvala  ara  0.  Z dyaao/cm*. 


FIGURE  13.4  Tha  yartieal  componant  of  inonthly  moan  wind  atraaa  curl  la  tha  maan  of  4*ho«rly 
wind  atraaa  carl  approoilmatad  by  flolta*dlflaraaaaa  from  4*hourly  wind  atraaaaa  i 
10  matara.  laolioaa  of  aaro  curl  ara  plotted  haaally.  and  contour  Intorvala  ara 
d.OslO'^dyBoa/cm’. 
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FIGURE  13.11  Monthly  monn  Intent  hent  fluoi  (ocena  to  ntmoa^ero)  U the  mena  of  lZ>heurly 
Intent  bent  flun  cnlculnted  from  FNWC  een  tempernture,  enpor  preteure  nu 
wind  aelaf  n bulk  formula,  leolinee  of  aero  bent  flus  are  plotted  heavily,  and 
contour  Intervale  are  0.  S s 10*^  cal/cm^  eec. 
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FIGURE  15.  Monthly  buoy  displacennent  vectors.  Vectors  are 

drawn  from  start  point  at  beginning  of  month  to 
terminal  point  at  end  of  month. 
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FIGURE  16.  5 MoatUjr  m*aa  wind  ihcar  vvloclty  cttb*d,  U*^  It  tilt  m«aB  of  6*boarl)r  wlad 

•hoar  otrooo  Toloclty  cubod  colculatod  from  wind  tpood  at  10  motoro.  Contour 
latorvalo  aro  0.0  t (m/foc)^. 
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Itoalklf  nimmm  •••  rartkc*  tamparatnr*  la  tha  maaa  ol  It-bawly  FNWC  aaa  amrlMa 
tanfaranaaaa.  Cialiar  latarvala  ara  l*C. 
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FIGURE  16.  9 Monthly  moan  turfaco  vapor  prattura  it  tha  maaa  of  12-hourly  FNWC  vapor 
praaittra  at  19.5  matara.  Contour  latarvala  ara  1 mb. 
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Monthly  maan  aanalbla  boat  flux  (ocaaa  to  atmoaphara)  la  tha  maan  of  tl^hourly 
aanalbla  haat  flux  calculator  from  FHWC  air  aii4  aaa  tamparatura  aad  via4  ualng 
a bulk  formula,  laollnar  of  aarq  haat  flux  ara  platted  Haavlly,  aad  coatour 
latarvala  ara  l.P  x 10*^  cal/cm*  aac. 
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Monthly  temperature  anomalies  (*C)  contoured  at  fixed  depths.  Negative 
anomaly  areas  are  hatchured  and  isolines  of  zero  anomaly  are  drawn 
heavily.  The  crosses  mark  the  positions  of  the  TRANSPAC  XBT  drops. 
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FIGURE  18.  Monthly  buoy  displacement  vectors.  Vectors  are 

drawn  from  start  point  at  beginning  of  month  to 
terminal  point  at  end  of  month. 


LATITUDE  (N)  LATITUDE  INI 


WIND  SPEED  (M/SEC) 


LATITUDE  (N)  LATITUDE  IN) 


WIND  STRESS  (DYNES/CM* *2 ) 


LONGITUDE  (E) 


FIGURE  19.3  Monthly  mean  wind  etreee  le  the  mean  of  6*hourly  wind  etreie  at  10  me^ere 
calculated  from  FNWC  wind  data.  Contour  intervale  are  0.2  dynee/cm  . 
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The  vertical  component  of  monthly  mean  wind  etreea  curl  ta  the  mean  of  6*hourly 
wind  etreea  curl  approximated  by  finite*dif(erence«  frfim  ^>hourly  wind  atreaeee  at 
10  meter^  leollnee  ^f  zero  curl  are  plott ’d  heavily,  and  contour  intervale  are 
4.  0 X 10  ^ dynee/cm  . 
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FIGURE  19.6  Monthly  moan  it*  •urltc*  Umporaturt  la  |ha  mean  o(  12-hourly  FNWC  aaa  twfaca 
tampcraturaa.  Contour  intervala  ara  1”C, 
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FIGURE  19.7  Monthly  mean  air  temperature  ia  the  mean  of  12-hourly  FNWC  air  temperaturea. 
Contour  Intervale  are  2^C. 
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FIGURE  19.9  Monthly  mean  aurface  vapor  preasurr  it  thr  mran  of  12>hourly  FNWC  vapor  preaaure 
at  19.  S metera.  Contour  intervala  are  1 n\b. 
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riCURC  19.10  Monthly  mean  aenatble  beat  flux  (ocean  to  atmoapbere)  la  the  mean  of  U'howrly 

aenalbla  heat  flux  calculated  from  FNWC  air  and  tea  temperature  and  wind  uali^  a 
bulk  formula^  laolin^  of  aero  heat  flux  are  plotted  heavily,  and  contour  intervale 
are  1.  0 x 10*^  cal/em  aec. 
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FIGURE  20  Monthly  temperature  anomalies  (*C)  contoured  at  fixed  depths.  Negative 
anomaly  areas  are  hatchured  and  isolines  of  zero  anomaly  are  drawn 
heavily.  The  crosses  mark  the  positions  of  the  TRANSl’AC  XBT  drops. 
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FIGURE  21.  Monthly  buoy  displacement  vectors.  Vectors  are 

drawn  from  start  point  at  beginning  of  month  to 
terminal  point  at  end  of  month. 
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•he^ir  •treac  velocity  cube<^  C4lcul4ted  from  wind  tpeed  at  10  meter*.  ContoLr 
interval*  are  0.  Of  (m/*ec)  . 
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FIGURE  22.7  Monthly  mean  air  temperature  ie  the  mean  of  l2-hottrly  FNWC  air  temperaturea. 
Contour  intervale  are  2 C. 
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Monthly  tennperature  anomalies  (*C)  contoured  at  fixed  depths.  Negative 
anomaly  areas  are  hatchured  and  isolines  of  zero  anomaly  are  drawn 
heavily.  The  crosses  mark  the  positions  of  the  TRANSPAC  XBT  drops. 
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rCUftC  24.  S Monthly  m«an  wind  theur  atre**  velocity  cubed,  U*  ia  the  mean  of  6>hour!y  wind 
ahear  atreaa  velocity  cube^  calculated  from  vind  aperd  at  10  meters  Cento  ir 
Intervala  are  0.  0|  (m/aec)  ■ 
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Monthly  mean  tea  turface  temperature  to  the  mean  of  12>hourly  FNWC 
temperatwree.  Contour  intervale  are  l^C. 
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FIGURE  25.  Monthly  temperature  anomalies  (*C)  contoured  at  fixed  depths.  Negative 
anomaly  areas  are  hatchured  and  isolines  of  zero  anomaly  are  drawn 
heavily.  The  crosses  mark  the  positions  of  the  TRANSPAC  XBT  drops. 


APPENDIX  A 


The  vertical  component  of  wind  stress  curl. 
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was  calculated  on  the  FNWC  polar  grid  using  the  chain  rule  and 
differentiating  the  polar  projection  mapping  equations. 
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north-south  component  of  wind  stress 
east-west  component  of  wind  stress 

1 a ti  tud  e 
1 ongi tud  e 
earth  radius 

horizontal  axis  of  rectilinear 
grid  on  a polar  projection 
in  Figure  1 

vertical  axis  of  grid  in  Figure  1. 


Finite  difference  expressions  for  equation  (1)  were: 


* The  factors  in  this  equation,  33  and  31.205,  axe  specific  to  FNWC's 
63  X 63  grid. 


where 

i = 0,...62;  discrete  values  of  ^ 
j = 0,...52;  discrete  values  of  . 

When  equations  (5a)  and  (3b)  were  substituted  into  equations 
(2a)  and  (2b),  a finite  difference  expression  for  the  vertical 
component  of  wind  stress  curl  was  obtained: 
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